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Abstract 
Purpose 

The purpose is to provide a type of electrophotographic photosensitive material that has 
an excellent charging property with high sensitivity and can form high quality images even in 
reversal development. 

Constitution 

The present invention pertains to a type of electrophotographic photosensitive material 
characterized by the following facts: the electrophotographic photosensitive material has a 
photosensitive layer containing a charge generating substance and a charge transporting 
substance formed on an electroconductive substrate; the charge generating substance contains a 
mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine having a clear principal peak 
at a Bragg angle 20 of 27.2° ± 0.2° with respect to the characteristic CuKa X-ray diffraction 
(wavelength of 1.541 A), and it contains the compound represented by the following formula I or 

n. 



Formula I 




Claims 

1. A type of electrophotographic photosensitive material characterized by the following 
facts: the electrophotographic photosensitive material has a photosensitive layer containing a 
charge generating substance and a charge transporting substance formed on an electroconductive 
substrate; the charge generating substance contains a mixed crystal of titanyl phthalocyanine and 
vanadyl phthalocyanine having a clear principal peak at a Bragg angle 20 of 27.2° ± 0.2° with 
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respect to the characteristic CuKa X-ray diffraction (wavelength of 1.541 A), and it contains the 
compound represented by the following formula I. 
[Structure 1] 
Formula I 
(R.jk (K,)i // \\ 





(Ri, R3 and R4 individually represent a hydrogen atom, halogen atom, amino group, 
alkoxy group, thioalkoxy group, aryloxy group, methylenedioxy group, optionally substituted 
alkyl group, or optionally substituted aryl group; R2 represents a hydrogen atom, halogen atom, 
alkoxy group, or optionally substituted alkyl group; k, 1, m and n individually represent an 
integer of 1, 2, 3 or 4, and, when 2 or greater, said Ri, R2, R3 and R4 may be identical or 
different). 

2. A type of electrophotographic photosensitive material characterized by the following 
facts: the electrophotographic photosensitive material has a photosensitive layer containing a 
charge generating substance and a charge transporting substance formed on an electfoconductive 
substrate; the charge generating substance contains a mixed crystal of titanyl phthalocyanine and 
vanadyl phthalocyanine having a clear principal peak at a Bragg angle 29 of 27.2° ± 0.2° with 
respect to the characteristic CuKa X-ray diffraction (wavelength of 1.541 A), and it contains the 
compound represented by the following formula II: 

[Structure 2] 

Formula II 



,N~Ar,~CH 




„/ 
ft* 



(where, X represents -CH 2 CH 2 -, -CH=CH-, -CH 2 -, oxygen, or sulfur; R 1 and R 2 
individually represent an alkyl group, aralkyl group, aromatic cyclic group or heterocyclic group; 
R 3 and R 4 individually represent a hydrogen atom, alkyl group, alkoxy group, or halogen atom; 
and Arj represents a dihydric aromatic ring or heterocyclic ring). 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a type of electrophotographic photosensitive material. 
Especially, the present invention pertains to a type of electrophotographic photosensitive 
material characterized by the fact that it makes use of a mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of a prescribed crystal type as a photoconductive material, and can 
be used effectively in printers, copiers, etc., as an exposure means in forming images using a 
semiconductor laser beam, LED light, etc. 

[0002] 
Prior art 

In recent years, with their extensive research, photoconductive materials have been 
adopted in electrophotographic photosensitive materials, solar cells, image sensors, and other 
photoelectric converting elements. In the prior art, the photoconductive materials are mainly 
made of inorganic materials. For example, for electrophotographic photosensitive materials, the 
inorganic photosensitive material having a photosensitive layer mainly made of selenium, zinc 
oxide, cadmium sulfide, or other inorganic photoconductive material has been widely used. 

[0003] 

However, said inorganic photosensitive materials may not meet the requirement on 
various characteristics, such as photosensitivity, thermal stability, moisture resistance, durability, 
etc., for the electrophotographic photosensitive materials of copiers, printers, etc. For example, 
when selenium is used, heat and soiling such as fingerprints may cause crystallization, leading to 
a degradation in the characteristics of the electrophotographic photosensitive materials. On the 
other hand, electrophotographic photosensitive materials made of cadmium sulfide have poor 
moisture resistance and durability. Also, electrophotographic photosensitive materials made of 
zinc oxide have problems relating to durability as well. 
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[0004] 

In addition, in recent years, protecting the environment has become a priority. As calcium 
sulfide and other materials for the electrophotographic photosensitive materials are toxic, they 
lead to a major restriction on handling. This is a serious disadvantage. 

[0005] 

In order to overcome the disadvantages of the inorganic photoconductive materials, 
various types of organic photoconductive materials have been studied. In recent years, active 
research has been performed using them as the photosensitive layer of the electrophotographic 
photosensitive material. For example, Japanese Kokoku Patent No. Sho 50[ 1975]- 10496 
described a type of organic photosensitive material having a photosensitive layer containing 
polyvinyl carbazole and trinitrofluorenone. However, this type of photosensitive material has 
insufficient sensitivity and durability. Consequently, a function-separated type photosensitive 
material having the functions of charge generation and charge transport performed separately by 
different substances has been developed. 

[0006] 

For said electrophotographic photosensitive material, because the materials can be 
selected in a wide range, it is easy to obtain any desired characteristics. Consequently, it is 
expected that an organic photosensitive material with high sensitivity and excellent durability 
can be obtained. 

[0007] 

Various types of organic compounds have been proposed as the charge generating 
substance and charge transporting substance of said function-separated type electrophotographic 
photosensitive material. Especially, the charge generating substance has the important function 
in determining the basic characteristics of the photosensitive material. As the charge generating 
substance, the following photoconductive substances have been used in practical application: 
dibromoanthanthrone and other polycyclic quinine compounds, pyrylium compounds and 
eutectic complexes of pyrylium compounds, squarium compounds, phthalocyanine compounds, 
azo compounds, etc. 
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[0008] 

In order to realize even higher sensitivity for the electrophotographic photosensitive 
material, it is necessary to develop a charge generating substance with an even higher charge 
generating efficiency. At this point, in recent years, phthalocyanine compounds have been the 
focus of active research as an example of the photoconductive material. 

[0009] 

For phthalocyanine compounds, it is well known that due to the different types of central 
metal atom and crystal type, various properties, such as spectra and photoconductivity, vary. For 
example, copper phthalocyanine may be in a, p, y, or e crystal form, and the different crystal 
types have a significant impact on the electrophotographic characteristics (as reported in: M 
Sawada: "Senryo to Yakuhin," 24 (6), 122 (1979)). 

[0010] 

Also, in recent years, titanyl phthalocyanine has garnered attention. For titanyl 
phthalocyanine, too, it has been reported that there are four major crystal types, that is, A, B, C, 
Y. However, the A-type titanyl phthalocyanine described in Japanese Kokai Patent Application 
No. Sho 62[1987]-67094, B-type titanyl phthalocyanine described in Japanese Kokai Patent 
Application No. Sho 61[1986]-239248, and C-type titanyl phthalocyanine described in Japanese 
Kokai Patent Application No. Sho 62[1987]-256865 have insufficient features in both charging 
property and electrophotographic sensitivity. Also, for the Y-type titanyl phthalocyanine 
published recently (Orita, et al.: M Denshi Shashin Gakkaishi", 29 (3), 250 (1990)), although it has 
a high sensitivity, the charging property still has areas of insufficiency. Consequently, there is a 
demand for the development of a charge generating substance with both excellent charging 
property and high sensitivity. 

[0011] 

In addition, there are many reports on vanadyl phthalocyanine. As far as the types for use 
as photosensitive material are concerned, there are reports on photosensitive materials containing 
a crystal type corresponding to the B-type crystal of titanyl phthalocyanine described in, for 
example, Japanese Kokai Patent Application No. Hei 1 [1989] -2 17074, and photosensitive 
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materials containing a crystal type corresponding to the A-type crystal of titanyl phthalocyanine 
described in Japanese Kokai Patent Application No. Hei l[1989]-204968. However, for these 
crystal types, a sufficient sensitivity cannot be obtained. In addition, Japanese Kokai Patent 
Application No. Hei l[1989]-268763 describes a crystal type having a peak at a Bragg angle 20 
of 27.2°, similar to the crystal type described in a comparative example of Japanese Kokai Patent 
Application No. Sho 62[1987]-67094. However, the sensitivity of this crystal type is insufficient. 
This is because, just as with titanyl phthalocyanine, for vanadyl phthalocyanine, the crystal 
having a peak at 27.2° is believed to have a three-dimensional crystal configuration, and this is 
different from the crystal configuration of the Y-type crystal of titanyl phthalocyanine having a 
high sensitivity and a clear peak at 9.5°. For such type of vanadyl phthalocyanine, too, there is 
yet no report on the crystal type that can provide a high sensitivity in the characteristics. 

[0012] 

Also, in recent years, there have been reports on mixed crystals of phthalocyanine, which 
have a prescribed crystal configuration formed using plural types of phthalocyanine instead of a 
single type of phthalocyanine. This type of mixed crystal differs from the simple mixture of 
plural types of phthalocyanine in that as the mixed crystal is formed, characteristics different 
from those of the single phthalocyanine are obtained. This is an advantage. As an example of the 
mixed crystal of phthalocyanine, Japanese Kokai Patent Application No. Hei 2[1990]-84661 
discloses the formation of a mixed crystal by means of concomitant vapor deposition of two or 
more types of phthalocyanine on a base material by recondensation after going through the vapor 
phase. However, for the mixed crystal of copper phthalocyanine and nonmetallic phthalocyanine 
and the mixed crystal of titanyl phthalocyanine and nonmetallic phthalocyanine of the crystal 
type disclosed in said patent application, the sensitivity is low, and this is undesired. Also, 
Japanese Kokai Patent Application No. Hei 2[1990]-20763 disclosed a type of mixed crystal of 
titanyl phthalocyanine and vanadyl phthalocyanine formed by vapor deposition, and these mixed 
crystals had a crystal type corresponding to the A-type and B-type titanyl phthalocyanine. 
However, these crystal types also have insufficient sensitivity. For said mixed crystals, in order 
to meet the required characteristics, it is important to select the appropriate types of 
phthalocyanine for forming the mixed crystal and the crystal type. Consequently, in addition to 
selection of the materials, the crystal control technology for obtaining the prescribed crystal type 
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is also important. Consequently, there is a demand for the development of a crystal conversion 
technology other than the current method for forming the mixed crystal by means of vapor 
deposition. 

[0013] 

Problems to be solved by the present invention 

It is well known that when phthalocyanine is used in an electrophotographic 
photosensitive material, the characteristics depend significantly on the type of central metal atom 
and the crystal type. Consequently, for the phthalocyanine used in forming electrophotographic 
photosensitive materials, it is necessary to have a stable crystal type having a good charging 
property and high sensitivity. On the other hand, it is well known that titanyl phthalocyanine 
having a peak at a Bragg angle 26 of 27.2° ± 0.2° has a very high sensitivity among the known 
types of photoconductive substances. However, when this type of titanyl phthalocyanine is used 
in forming electrophotographic photosensitive materials, the charging property is insufficient. 
Consequently, for the electrophotographic photosensitive material having high characteristics, 
there is a demand for the development of a type of charge generating substance that has a better 
charging property while the high sensitivity of the electrophotographic photosensitive material is 
conserved. 

[0014] 

The purpose of the present invention is to solve the problems of the prior art by providing 
a type of electrophotographic photosensitive material that has an excellent charging property and 
high sensitivity and can form good images in reversal development. 

[0015] 

Means to solve the problems 

That is, the present invention provides a type of electrophotographic photosensitive 
material characterized by the following facts: the electrophotographic photosensitive material has 
a photosensitive layer containing a charge generating substance and a charge transporting 
substance formed on an electroconductive substrate; the charge generating substance contains a 
mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine having a clear peak at a 
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Bragg angle 20 of 27.2° ± 0.2° with respect to the characteristic CuKa X-ray diffraction 
(wavelength of 1.541 A), and it contains the compound represented by the following formula I. 

[0016] 

[Structure 3] 
Formula I 
(R,)k (R»)l f\ 

(Ri, R3 and R4 individually represent a hydrogen atom, halogen atom, amino group, 
alkoxy group, thioalkoxy group, arylbxy group, methylenedibxy group, optionally substituted 
alkyl group, or optionally substituted aryl group; R2 represents a hydrogen atom, halogen atom, 
alkoxy group, or optionally substituted alkyl group; k, 1, m and n individually represent an 
integer of 1, 2, 3 or 4, and, when 2 or greater, said Ri, R 2 , R3 and R4 may be identical or 
different). 

[0017] 

Also, the present invention provides a type of electrophotographic photosensitive 
material characterized by the following facts: the electrophotographic photosensitive material has 
a photosensitive layer containing a charge generating substance and a charge transporting 
substance formed on an electroconductive substrate; the charge generating substance contains a 
mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine having a clear principal peak 
at a Bragg angle 29 of 27.2° ± 0.2° with respect to the characteristic CuKa X-ray diffraction 
(wavelength of 1.541 A), and it contains the compound represented by the following formula II. 
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[0018] 

[Structure 4] 
Formula II 



R* 

(where, X represents -CH2CH2-, -CH=CH-, -CH 2 -, oxygen, or sulfur; R 1 and R 2 
individually represent an alkyl group, aralkyl group, aromatic cyclic group or heterocyclic group; 
R 3 and R 4 individually represent a hydrogen atom, alkyl group, alkoxy group, or halogen atom; 
and Ari represents a dihydric aromatic ring or heterocyclic ring). 

[0019] 

In the following, the present invention will be explained in more detail. The mixed crystal 
of phthalocyanine used in the present invention is prepared by mixing two or more types of 
substances to form a crystal in a homogeneous solution phase. In this case, as far as the crystal is 
concerned, the mixed crystal is formed from salts having the same form as can be observed in 
alums or from metals having similar crystal lattices or similar atomic radii. For the crystal type 
of the present invention, the tendency is a similar to that of the mixed crystal of phthalocyanine, 
and the type having a structure relatively similar to titanyl phthalocyanine tends to form the 
mixed crystal more easily. W. Hiller, et al. analyzed the crystal structure of titanyl 
phthalocyanine (Z. Kristallogr., 159, 173 (1982)); its structure has a Ti=0 bond protruding 
upward with respect to the conjugate plane of the phthalocyanine ring. 

[0020] 

For said titanyl phthalocyanine, for example, it is difficult to obtain a mixed crystal 
having the crystal type of the present invention with a high crystal purity with the nonmetallic 
phthalocyanine having a planar structure. Consequently, other crystals may mix into the crystal 
of the present invention, leading to degradation in performance. On the other hand, the crystal 
structure of vanadyl phthalocyanine has also been analyzed by R. Ziolo et al., J. Chem. Soc. 
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Dalton, 2300 (1980) performed and compared with titanyl phthalocyanine, although there is little 
difference between the Ti=0 bond and the V=0 bond, they have similar three-dimensional 
structures as reported in the above reference. Consequently, it is believed that vanadyl 
phthalocyanine has a three-dimensional structure favorable for forming a mixed crystal with 
titanyl phthalocyanine. In practice, vanadyl phthalocyanine may be formed from several different 
types of phthalocyanine, and they can form mixed crystals of the crystal type of the present 
invention. 

[0021] 

The crystal types of the mixed crystal of titanyl phthalocyanine and vanadyl 
phthalocyanine of the present invention include all having a clear principal peak at a Bragg angle 
26 of 27.2° ± 0.2° with respect to the characteristic CuKa X-ray diffraction (wavelength of 1.541 
A). Among them, the crystal types having a clear peak at 9.6°±0.2° or 9.0°±0.2° in addition to 
said 27.2°±0.2° are preferred. According to the present invention, the mixed crystal type crystal 
having clear peaks at 9.6°±0.2° and 27.2°±0.2° is most preferred. 

[0022] 

The type of titanyl phthalocyanine preferable for use in the present invention, for 
example, is represented by the following formula HI. 

[0023] 

[Structures] 
Formula HI 
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(where, X 1 , X 2 , X 3 , X 4 represent hydrogen atoms, halogen atoms, alkyl groups, alkoxy 
groups or aryloxy groups; and k, 1, m and n represent integers of 0-4). 

[0024] 

The type of vanadyl phthalocyanine preferably used in the present invention is 
represented by the following formula IV. 

[0025] 

[Structure 6] 
Formula IV 




(where, x\ X 2 , X 3 , X 4 represent hydrogen atoms, halogen atoms, alkyl groups, alkoxy 
groups or aryloxy groups; and k, 1, m and n represent integers of 0-4). 

[0026] 

The X-ray diffraction spectrum is measured under the following condition. Here, "peak" 
means a clear acute angle different from noise. 

[0027] 

X-ray diffraction spectrum measurement conditions 
X-ray material in the tube bulb: Cu 
Voltage: 40.0 kV 
Current: 100 mA 
Start angle: 6.0° 
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Stop angle: 35.0° 
Step angle: 0.02° 
Measurement time: 0.50 sec 

[0028] 

Various methods may be adopted to prepare titanyl phthalocyanine for use in the present 
invention. As a typical method, it can be prepared according to following reaction formula (1) or 

(2): 



[0029] 



[Structure 7] 



,cn 

|I + TiC«. 



Reaction formula ( 1 ) c M 



titanyl phthalocyanine 



Reaction formula (2) .. N H 

where Ri-Rt represent leaving groups. 



V 

\\ H + R,-Ti-lt,-» 

L 




titanyl phthalocyanine 



[0030] 

Just as titanyl phthalocyanine, vanadyl phthalocyanine for use in the present invention 
may also be prepared by a reaction between o-phthalonitrile or 1,3-diiminoisoindoline and a 
vanadium reagent, such as vanadium pentoxide, acetylacetone vanadium, etc., in 
1-chloronaphthalene or other inactive solvent. 

[0031] 

In the prior art, the only scheme for forming a mixed crystal of titanyl phthalocyanine and 
vanadyl phthalocyanine is joint vapor deposition. However, as a result of a detailed study by the 
present inventors, it has been found that the mixed crystal can be formed using other methods, 
such as the method in which homogeneous dissolution is performed in a solvent, followed by 
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deposition, and the method in which after mixing in a solid state, milling or other shear force is 
applied. 

[0032] 

More specifically, treatment may be performed by means of recrystallization, 
reprecipitation, acid paste treatment, or dry or wet milling. By forming the mixed crystal in this 
way, the crystal type of the present invention can be obtained. However, the method for forming 
the mixed crystal is not limited to these methods. 

[0033] 

The following details examples of the methods for obtaining a mixed crystal of titanyl 
phthalocyanine and vanadyl phthalocyanine of the crystal type used in the present invention. An 
amorphous crystal can be obtained from titanyl phthalocyanine - vanadyl phthalocyanine using 
one of the following methods: a method in which the conventional acid paste treatment is 
performed to have titanyl phthalocyanine and vanadyl phthalocyanine in any crystal type 
dissolved in concentrated sulfuric acid, and then the sulfuric acid solution is poured into water to 
deposit crystals that filter out, or a method in which titanyl phthalocyanine and vanadyl 
phthalocyanine of any crystal type are mixed, and the mixture is crushed using milling or other 
mechanical force, or other method. Formation of the amorphous form using acid paste 
processing can be performed under conventional conditions. In this case, there is no special 
limitation on the ratio by weight of the concentrated sulfuric acid to phthalocyanine. Typically, 
the ratio is in the range of 5-200. Also, the quantity of water into which the concentrated sulfuric 
acid is poured is typically in the range of 5-100 times by ratio weight. In addition, the 
temperature for dissolving phthalocyanine in the concentrated sulfuric acid should be 5°C or 
lower, and the temperature of the water into which the sulfuric acid solution is poured is 
conventionally in the range of 0 - 50°C. 

[0034] 

Then, the obtained amorphous crystal is treated with a prescribed organic solvent to form 
the crystal type for use in the present invention. Examples of the organic solvents that can be 
used in this case include hydrocarbon-based solvents, aromatic solvents, halogen-based solvents, 
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alcohol, ether-based solvents, ester-based solvents, organic acids, organic amines, heterocyclic 
compounds, etc. As needed, sulfonic acid, trichloroacetic acid or other acids may be added. In 
addition, as far as the form of amorphous crystal is concerned, the wet paste state containing 
water or the dry state containing no water may be used. They may be selected corresponding to 
the type of organic solvent adopted for treatment and the purpose. In addition, in the solvent 
treatment, as needed, heating or milling treatment or the like may be performed. Also, as needed, 
the crystal treatment may be performed repeatedly. However, the method of the crystal 
conversion is not limited to said method. 

[0035] 

For the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine used in the 
present invention, as long as these two phthalocyanines are present, there is no special limitation 
on the composition ratio of titanyl phthalocyanine to vanadyl phthalocyanine. However, it is 
preferred that the proportion of titanyl phthalocyanine be 50% or greater, or more preferably 
80% or greater, or most preferably 90% or greater. Here, the proportion refers to the proportion 
by weight of titanyl phthalocyanine with respect to the total weight. 

[0036] 

In addition to this mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine, 
the electrophotographic photosensitive material of the present invention may also use other 
photoconductive substances. Examples of other photoconductive substances that may be used 
include A, B, C, amorphous, and Y-type titanyl phthalocyanine and vanadyl phthalocyanine 
having a peak at a Bragg angle 20 of 27.2°, as well as various crystal types of nonmetallic 
phthalocyanine, copper phthalocyanine, and other metallic phthalocyanines, naphthalocyanine, 
other porphyrin derivatives, azo compounds, dibromoanthanthrolone and other polycyclic 
quinine compounds, pyrylium compounds and eutectic complexes of pyrylium compounds, 
squarium compounds, etc. 

[0037] 

According to the present invention, at least one type of the compounds represented by 
said Formula I or Formula II may be used as charge transporting substance. 
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[0038] 

In Formula I, Rj, R 2 , R3 and R4 represent halogen atoms, such as fluorine, chlorine, 
bromine, iodine, etc., alkyl groups such as methyl, ethyl, propyl, butyl, cyclohexyl, etc., alkoxy 
groups such as methoxy, ethoxy, propoxy, butoxy, etc. Examples of aryl groups represented by 
Ri, R3 or R4 include phenyl, naphthyl, anthracene, pyrene, other condensed polycyclic groups, 
etc. 

[0039] 

In Formula n, examples of the alkyl groups represented by R 1 , R 2 , R 3 , or R 4 include 
methyl, ethyl, propyl, butyl, cyclohexyl, etc. Examples of the aralkyl groups represented by R 1 or 
R 2 include benzyl, phenylethyl, methylbenzyl, naphthylmethyl, etc. Examples of the aromatic 
cyclic groups represented by them include phenyl, naphthyl, biphenyl, etc. Examples of the 
heterocyclic groups represented by them include pyridyl, quinolyl, thienyl, furyl, etc. 

[0040] 

Examples of the alkoxy groups represented by R 3 or R 4 include methoxy, ethoxy, 
propoxy, butoxy, etc. Examples of halogen atoms represented by them include fluorine, chlorine, 
bromine, iodine, etc. Also, examples of the dihydric aromatic rings or heterocyclic rings 
represented by Ari include phenylene, naphthylene, etc. 

[0041] 

These groups are optionally substituted. Examples of the substituents include alkyl 
groups, alkoxy groups, aryl groups, amino groups, halogen atoms, etc. These substituents 
themselves are also optionally substituted. 

[0042] 

In the following, examples of the compounds represented by Formula I or Formula II 
preferably used in the present invention are listed. However, the present invention is not limited 
to them. 



[0043] 

[Structure 8] 
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[Structure 9] 
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[Structure 10] 
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[Structure 11] 
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[Structure 12] 
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[Structure 13] 
<Compound examples> 
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[Structure 14] 
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[Structure 15] 
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[0058] 

[Structure 23] 
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[0061] 

[Structure 26] 
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[0062] 

According to the present invention, the compounds represented by Formula I may be 
used either alone or as a mixture of several types, and the compounds represented by Formula II 
also may be used either alone or as a mixture of several types. In addition, they may be used 
together with other charge transporting substances. 

[0063] 

There are various forms for the constitution of the photosensitive materials. The 
photosensitive material of the present invention may adopt any of these forms. Especially, the 
laminated or dispersion type function-separated type photosensitive material is preferred. In this 
case, conventionally, the structures shown in Figures 1(A)-(F) are adopted. For the laminar 
structure shown in (A), charge generation layer (2) is formed on electroconductive substrate (1), 
and charge transport layer (3) is laminated on it to form photosensitive layer (4). In the structure 
shown in (B), photosensitive layer (4') is formed from charge generation layer (2) and charge 
transport layer (3) set in the reverse order to that in the above. For the structure shown in (C), 
intermediate layer (5) is set in between photosensitive layer (4) and electroconductive substrate 
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(1) in the laminar structure of (A). For the laminar structure shown in (E), photosensitive layer 
(4 M ) including charge generation layer (6) and charge transport layer (7) is formed. For structure 
(F), intermediate layer (5) is set in between photosensitive layer (4") and electroconductive 
substrate (1) in this structure. For structures (A)-(F) in Figure 1, a protective layer may be 
formed on the outermost layer. 

[0064] 

When the photosensitive layer is formed, an effective method is coating a solution 
containing the charge generating substance or charge transporting substance alone or together 
with a binder and an additive dissolved in it. However, as the solubility of the charge generating 
substance is usually low, an effective method adopted in this case is dispersion of the charge 
generating substance to fine particles in an appropriate dispersing medium by means of a ball 
mill, a sand mill, a homogenizer, or other dispersing device to form the liquid for coating. In this 
case, the binder and additive are added to a conventional dispersion for use. 

[0065] 

The solvent or dispersion medium for use in forming the photosensitive layer may be 
selected in a wide range, such as n-butylamine, ethylenediamine, N,N-dimethylformamide, 
acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl isobutyl ketone, cyclohexanone, 
4-methoxy-4-methyl-2-pentanone, tetrahydrofuran, dioxane, ethyl acetate, n-butyl acetate, 
t-butyl acetate, methyl cellosolve, ethyl cellosolve, butyl cellosolve, ethylene glycol dimethyl 
ether, toluene, xylene, acetophenone, chloroform, dichloromethane, dichloroethane, 
trichloroethane, methane, ethanol, propanol, butanol, etc. 

[0066] 

When a binder is used in forming the charge generation layer and charge transport layer, 
any type of binder may be selected for use. Especially, the high-molecular weight polymers that 
are hydrophobic and have film forming property are preferred. Examples of these polymers 
include polycarbonate, polycarbonate Z resin, acrylic resin, methacrylic resin, polyvinyl chloride, 
polyvinylidene chloride, polystyrene, styrene-butadiene copolymer, polyvinyl acetate, 
polyvinylformal, polyvinylbutyral, polyvinylacetal, polyvinylcarbazole, styrene-alkyd resin, 
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silicone resin, silicone-alkyd resin, silicone-butyral resin, polyester, polyurethane, polyamide, 
epoxy resin, phenolic resin, vinylidene chloride-acrylonitrile copolymer, vinyl chloride-vinyl 
acetate copolymer, vinyl chloride-vinyl acetate-maleic anhydride copolymer, etc. However, the 
types are not limited to them. 

[0067] 

The proportion of charge generating substance with respect to binder is preferably in the 
range of 10-600 wt%, or preferably in the range of 50-400 wt%. The proportion of charge 
transporting substance with respect to binder is preferably in the range of 10-500 wt%. The 
thickness of the charge generation layer is preferably in the range of 0.01-20 nm, or more 
preferably in the range of 0.05-5 \im. The thickness of the charge transport layer is preferably in 
the range of 1-100 |im, or more preferably in the range of 5-30 jam. 

[0068] 

In order to increase the sensitivity, to reduce the residual potential, and to alleviate 
fatigue in repeated use, said photosensitive layer may contain an electroreceptive substance. 
Examples of the electroreceptive substances that may be used include succinic anhydride, maleic 
anhydride, dibromosuccinic anhydride, phthalic anhydride, tetrachlorophthalic anhydride, 
tetrabromophthalic anhydride, 3-nitrophthalic anhydride, 4-nitrophthalic anhydride, pyromellitic 
anhydride, mellitic anhydride, tetracyanoethylene, tetracyanquinodimethane, o-dinitrobenzene, 
m-dinitrobenzene, 1,3,5-trinitrobenzene, p-nitrobenzonitrile, picryl chloride, quinine chloroimide, 
chloranyl, bromanyl, dichlorodicyano-p-benzoquionone, anthraquinone, dinitroanthraquinone, 
9-fluorenilidene malononitrile, polynitro-9-fluorenilidene malononitrile, picrynic acid, 
o-nitrobenzoic acid, p-nitrobenzoic acid, 3,5-dinitrobenzoic acid, pentafluorobenzoic acid, 
5-nitrosalicylic acid, 3,5-dinitrosalicylic acid, phthalic acid, mellitic acid, and other compounds 
having high electron affinity. The quantity of electron affinitive substance added to 100 parts by 
weight of the charge generating substance is preferably in the range of 0.01-200 parts by weight, 
or more preferably in the range of 0. 1 - 1 00 parts by weight. 
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[0069] 

In order to improve the preservation property, durability and environment resistance 
dependence, said photosensitive layer may also contain an oxidation inhibitor, light stabilizer, 
and other degradation inhibitors. Examples of the compounds that may be used effectively for 
this purpose include tocopherol and other chromanol derivatives, their etherized compounds and 
esterified compounds, polyarylalkane compounds, hydroquinone derivatives and their mono- and 
dietherized compounds, benzophenpne derivatives, benzotriazole derivatives, thioether 
compounds, phosphonic ester, phosphorous ester, phenylenediamine derivatives, phenol 
compounds, hindered phenol compounds, straight-chain amine compounds, cyclic amine 
compounds, hindered amine compounds, etc. Examples of especially effective compounds 
include "Irganox 1010," "Irganox 565" (product of Ciba Geigy Corp.), "Sumirizer-bht," 
"Sumirizer MDP" (products of Sumitomo Chemical Industries, Corp.), and other hindered 
phenol compounds, as well as "Sanol LS-2626," "Sanol LS-622LD" (products of Sankyo Co., 
Ltd.), and other hindered amine compounds. 

[0070] 

The binders for use in said charge generation layer and charge transport layer listed in the 
above may also be used in the intermediate layer, protective layer, etc. Also, the following 
binders can be used effectively in the intermediate layer and protective layer: nylon resin, 
ethylene-vinyl acetate copolymer, ethylene- vinyl acetate-maleic anhydride copolymer, 
ethylene-vinyl acetate-methacrylic acid copolymer, and other ethylenebased resins, polyvinyl 
alcohol, cellulose derivatives, etc. Also, one may make use of melamine, epoxy resin, isocyanate, 
and other thermosetting binders or binders that are cured by means of chemical curing. 

[0071] 

As far as the electroconductive substrate is concerned, in addition to metal plates, metal 
drums, etc., one may also make use of electroconductive polymers, indium oxide, and other 
electroconductive compounds. Also, it may be prepared by coating, vapor depositing and 
laminating a thin layer of metal, such as aluminum, vanadium, etc., on a plastic film or other 
base material. 
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[0072] 

In the following, the present invention will be explained in more detail with reference to 
application examples. However, the present invention is not limited to them. 

[0073] 

Application examples 

Preparation of titanyl phthalocyanine 

29.2 g of 1,3-diiminoisoindoline, 200 mL of o-dichlorobenzene, and 20.4 g of titanium 
tetra-n-butoxide were mixed, and the mixture was refluxed for 3 h in a nitrogen gas flow. After 
allowing to stand for cooling to room temperature, the deposited crystals were filtered out and 
washed with o-dichlorobenzene and then washed with methanol. In addition, the obtained 
crystals were agitated and washed in several rounds at room temperature in a 2% aqueous 
solution of hydrochloric acid. Then, it was repeatedly washed in several rounds with deionized 
water. After that, it was washed with methanol and was dried. As a result, 24.2 g of bluish violet 
titanyl phthalocyanine crystals were obtained. 

[0074] 

Preparation of vanadyl phthalocyanine 

29.2 g of 1,3-diiminoisoindoline, 200 mL of o-dichlorobenzene, and 8 g of vanadium 
acetyl acetonate were mixed, and the mixture was refluxed for 5 h in a nitrogen gas flow. After 
allowing to stand for cooling to room temperature, the deposited crystals were filtered out and 
washed with o-dichlorobenzene and then washed with methanol. In addition, the obtained 
crystals were agitated and washed in several rounds at room temperature in a 2% aqueous 
solution of hydrochloric acid. Then, it was repeatedly washed in several rounds with deionized 
water. After it was dried, the crystals were recrystallized with 1-chloronaphthalene, forming 
18.9 g of violet vanadyl phthalocyanine. 
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[0075] 

Synthesis Example 1 

4 g of titanyl phthalocyanine and 1 g of vanadyl phthalocyanine were dissolved in 250 g 
of 96% sulfuric acid under ice cooling. The sulfuric acid was then poured into 5 L of water, and 
the deposited wet paste in an amorphous state was filtered out. 

[0076] 

Then, the wet paste was mixed with 50 g of o-dichlorobenzene, and the mixture was 
agitated at 50°C for 2 h. After the reaction solution was diluted with methanol, it was filtered. 
The obtained crystals were washed in several rounds with methanol to obtain blue crystals. The 
obtained crystals were found to be a mixed crystal of titanyl phthalocyanine and vanadyl 
phthalocyanine used in the present invention and having peaks at Bragg angles 20 of 9.6° and 
27.2° as shown in Figure 2. 

[0077] 

Synthesis Example 2 

5 g of the powder obtained by drying the wet paste obtained in Synthesis Example 1 and 
25 g of p-toluenesulfonic acid were mixed. Then, 500 mL of acetic acid were added, and the 
mixture was heated with reflux for 5 hi. The reaction product was filtered out. Then, water 
washing was repeated in several rounds of 30 min in methanol. After that, it was filtered and 
dried to obtain blue crystals. The obtained crystals were found to be a mixed crystal of titanyl 
phthalocyanine and vanadyl phthalocyanine used having peaks at Bragg angles 20 of 9.0° and 
27.2° as shown in Figure 2. 

[0078] 

Synthesis Example 3 

4 g of titanyl phthalocyanine and 1 g of vanadyl phthalocyanine were dissolved in 250 g 
of 96% sulfuric acid under ice cooling. The sulfuric acid solution was poured in 5 L of water, 
and the deposited wet paste in the amorphous state was filtered out. The wet paste was subjected 
to milling treatment in 250 mL of methanol for 24 h. Then, the crystals were filtered and dried, 
forming bluish violet crystals. The crystals had a clear peak at a Bragg angle 20 of 27.2° in the 
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X-ray diffraction spectrum as shown in Figure 4. The remaining portion of the spectrum 
broadens, and no clear peak was observed. 

[0079] 

Synthesis Example 4 

Blue crystals were prepared in the same way as in Synthesis Example 1, except that the 
quantities of titanyl phthalocyanine and vanadyl phthalocyanine were changed from those in 
Synthesis Example 1 to 2.5 g of titanyl phthalocyanine and 2.5 g of vanadyl phthalocyanine. The 
obtained crystals had peaks at Bragg angles 20 of 9.6° and 27.2° as shown in Figure 5. 

[0080] 

Synthesis Example 5 

Blue crystals were prepared in the same way as in Synthesis Example 1, except that the 
quantities of titanyl phthalocyanine and vanadyl phthalocyanine were changed from those in 
Synthesis Example 1 to 4.75 g of titanyl phthalocyanine and 0.25 g of vanadyl phthalocyanine. 
The obtained crystals had peaks at Bragg angles 28 of 9.6° and 27.2° as shown in Figure 6. 

[0081] 

Comparative Synthesis Example 1 

2 g of the powder obtained by drying the wet paste obtained in Synthesis Example 1 were 
recrystallized by means of 1-chloronaphthalene. It was found that the obtained crystals were 
A-type crystals as a mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine having 
peaks at Bragg angles 20 of 9.2°, 10.5°, 13.1°, 15.0°, 26.2°, and 27.1° as shown in Figure 7. 

[0082] 

Comparative Synthesis Example 2 

2 g of the power obtained by drying the wet paste obtained in Synthesis Example 1 were 
heated with reflux in 150 mL of 1,1,2,2-tetrachloroethane, forming B-type crystals as a mixed 
crystal of titanyl phthalocyanine and vanadyl phthalocyanine having peaks at Bragg angles 20 of 
7.5° and 28.6° as shown in Figure 6. 
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[0083] 

A pplication Example 1 

1 part of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine of the 
present invention obtained in Synthesis Example 1, 1 part of a silicone resin ("KR-5340, 15% 
solution in xylene and butanol, product of Shin-Etsu Chemical Co., Ltd.) as binder resin, and 100 
parts of methyl ethyl ketone as a dispersion medium were dispersed using a sand mill to form a 
dispersion. The dispersion was coated with a wire bar on a polyester base having aluminum 
vapor deposited on it to form a 0.2-nm-thick charge generation layer. 

[0084] 

Then, a solution prepared by dissolving 1 part of the charge transporting substance, 1.3 
parts of polycarbonate resin "Upilon Z200" (product of Mitsubishi Gas Chemical Co., Ltd.) and 
a minute quantity of silicone oil "KF-54" (product of Shin-Etsu Chemical Co., Ltd.) in 10 parts 
of 1,2-dichloroethane was coated using a blade coating machine, and was dried to form a charge 
transport layer with a film thickness of 20 \im. The photosensitive material obtained in this case 
was designated Sample 1. 

[0085] 

A pplication Example 2 

A photosensitive material was prepared in the same way as in Application Example 1, 
except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 1, the mixed crystal of titanyl phthalocyanine and vanadyl 
phthalocyanine obtained in Synthesis Example 2 was used. This photosensitive material was 
designated Sample 2. 

[0086] 

Application Example 3 

A photosensitive material was prepared in the same way as in Application Example 1, 
except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 1, the mixed crystal of titanyl phthalocyanine and vanadyl 
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phthalocyanine obtained in Synthesis Example 3 was used. This photosensitive material was 
designated Sample 3. 

[0087] 

Application Example 4 

A photosensitive material was prepared in the same way as in Application Example 1, 
except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 1, the mixed crystal of titanyl phthalocyanine and vanadyl 
phthalocyanine obtained in Synthesis Example 4 was used. This photosensitive material was 
designated Sample 4. 

[0088] 

Application Example 5 

A photosensitive material was prepared in the same way as in Application Example 1, 
except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 1, the mixed crystal of titanyl phthalocyanine and vanadyl 
phthalocyanine obtained in Synthesis Example 5 was used. This photosensitive material was 
designated Sample 5. 

[0089] 

Application Examples 6-18 

3 parts of copolymerized polyamide "Luckamide 5003" (product of Dai-Nippon Ink Co., 
Ltd.) were dissolved in 100 parts of methanol under heating. After filtering with a 0.6-jim filter, 
the solution was dip coated on an aluminum drum, forming a 0.5-|im-thick primer layer. 

[0090] 

In addition, a dispersion prepared by dispersing 3 parts of the mixed crystal of titanyl 
phthalocyanine and vanadyl phthalocyanine of the present invention obtained in Synthesis 
Example 1, 3 parts (solid portion) of a silicone resin ("KR-5240, 15% xylene, butanol solution," 
product of Shin-Etsu Chemical Co., Ltd.), and 100 parts of methyl isobutyl ketone as a 
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dispersing medium was dip coated on said primer layer, forming a 0.2-|im-thick charge 
generation layer. 

[0091] 

Then, a solution prepared by dissolving 1 part of the charge transporting substance listed 
in Table 2, 1.5 parts of polycarbonate resin "Upilon Z-200" (product of Mitsubishi Gas Chemical 
Co., Ltd.) and a minute quantity of silicone oil "KF-54" (product of Shin-Etsu Chemical Co., 
Ltd.) in 10 parts of 1,2-dichloroethane was coated using a blade coating machine, and was dried, 
forming a 20-|im-thick charge transport layer. The photosensitive materials obtained in this way 
were designated Samples 6-18. 

[0092] 

Comparative Example 1 

A photosensitive material was prepared in the same way as in Application Example 1, 
except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 1 and used in Application Example 1, the compound obtained in 
Comparative Synthesis Example 1 was used. The obtained photosensitive material was 
designated Comparative Sample (1). 

[0093] 

Comparative Example 2 

A photosensitive material was prepared in the same way as in Application Example 1 [sic, 
2], except that instead of the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine 
obtained in Synthesis Example 2 and used in Application Example 2, the compound obtained in 
Comparative Synthesis Example 2 was used. The obtained photosensitive material was 
designated Comparative Sample (2). 

[0094] 

Comparative Example 3 

A photosensitive material was prepared in the same way as in Application Example 6, 
except that the following charge transporting substance was used in place of the charge 
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transporting substance used in Application Example 6. The obtained photosensitive material was 
designated Comparative Sample (3). 

[0095] 

[Structure 27] 




[0096] 

Comparative Example 4 

A photosensitive material was prepared in the same way as in Application Example 6, 
except that the following listed charge transporting substance was used in place of the charge 
transporting substance used in Application Example 6. The obtained photosensitive material was 
designated Comparative Sample (4). 

[0097] 

[Structure 28] 




[0098] 
Evaluation 1 

The samples prepared above were evaluated using a paper analyzer EPA-8 100 (product 
of Kawaguchi Electric Co., Ltd.) as follows. First of all, corona charging was performed under 
the conditions of -80 jxA for 5 see. The surface potential Va right after charging and potential Vi 
5 sec after charging were determined. Then, exposure was performed with a surface luminance 
of 2 lux. The exposure quantity El/2 needed for the surface potential to become 1/2 Vi was 
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determined. Also, the following formula was used to compute the dark potential. The results are 
listed in Table 1. 

[0099] 

[Equation 1] 

D=I0O (V*— VI)- /Va (%) 

[0100] 
Evaluation 2 

The observed sample was placed on a remodeled "U-Bix 1550" (product of Konica Corp., 
with a semiconductor laser as the light source) to perform reversal development, and evaluation 
was performed using the black spots in the white background portion of the copy of image. In 
evaluation of the black spots, an image analysis device "Omnicon Model 3000" (product of 
Shimadzu Corp.) was used to measure the spot size and number of black spots, and the number 
of black spots with a size (p (diameter) of 0.05 mm or larger in an area of 1 cm 2 was used for 
evaluation. The grades for evaluation of the black spots are listed below. The results are listed in 
Table 2. 



[0101] 



[Table 1] 
Grades for evaluation 
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Key: 1 Black spots of (p0.05 mm or larger 

2 Judgment of black spots 

3 1 spot/cm 2 or less 

4 2-10 spots/cm 2 

5 More than 1 1 spots/cm 2 



47 



[0102] 
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[Table 2] 
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Key: 1 Sample name 

2 Charge transporting substance 

3 Grade of evaluation of black spots 

4 Sample 

5 Comparative Sample 



[0103] 

As can be seen from Table 2, the electrophotographic photosensitive material containing 
the mixed crystal of titanyl phthalocyanine and vanadyl phthalocyanine of the crystal type of the 
present invention and the compound represented by formula [I] or [II] has a high sensitivity, and 
it can provide excellent image characteristics even in reversal development. 



[0104] 

Effects of the invention 

The electrophotographic photosensitive material containing the mixed crystal of titanyl 
phthalocyanine and vanadyl phthaldcyanine of the crystal type of the present invention and a 
hydrazone compound or diphenylmethane derivative has a high sensitivity and displays excellent 
image characteristics in reversal development. Consequently, it can be used as a preferable 
photosensitive material for forming images in printers, copiers, etc. 

Explanation of the figures 

Figures 1(A)-(F) are cross-sectional views illustrating the laminar structures of the 
photosensitive materials of the present invention. 

Figure 2 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of the present invention. 

Figure 3 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of the present invention. 

Figure 4 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of the present invention. 

Figure 5 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of the present invention. 

Figure 6 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of the present invention. 

Figure 7 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of a sample outside the present invention. 

Figure 8 is an X-ray diffraction spectrum of the mixed crystal of titanyl phthalocyanine 
and vanadyl phthalocyanine of a sample outside the present invention. 
Brief description of part numbers 

1 Electroconductive substrate 

2 Charge generation layer 

3 Charge transport layer 
4, 4', 4" Photosensitive layer 

5 Intermediate layer 
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Figure 1 




Figure 2 



Key: 1 X-ray intensity 
2 Bragg angle 
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Figure 3 



Key: 1 X-ray intensity 
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Figure 4 
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Figure 5 



Key: 1 X-ray intensity 
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Figure 6 



Key: 1 
2 



X-ray intensity 
Bragg angle 




mo «mj tt* MX) mo 



Figure 7 
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